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1  | INTRODUC TION
Functional	 traits	 are	 phenotypic	 (i.e.	 morphological,	 physiological,	
behavioural)	 characteristics	 that	 are	 related	 to	 the	 fitness	 and	 per-
formance	of	an	organism	(McGill,	Enquist,	Weiher,	&	Westoby,	2006;	
Violle	 et	 al.,	 2007).	 Recent	 years	 have	 seen	 a	 proliferation	 of	 trait‐
based	 research	 in	 a	wide	 range	 of	 fields:	 trait	 data	 have	 been	 used	
to	 understand	 the	 evolutionary	 basis	 of	 individual‐level	 properties	




















heterogeneity	of	data	arising	 from	different	 research	contexts	 render	
trait	data	extremely	heterogeneous	and	make	the	task	of	data	compi-







aiming	 at	 assembling	 data,	 tools	 to	 enable	 the	 compatibility	 of	 data	
across	databases	are	being	developed.	These	include	software	to	access	
trait	data	from	the	Internet	(e.g.	Ankenbrand,	Hohlfeld,	Weber,	Foerster,	







agement	 (http://www.bouch	outde	clara	tion.org/)	 and	 is	 increasingly	












and	 reuseable	 in	 downstream	 data	 analysis,	 as	 demanded	 by	 the	












2  | INITIATIVES FOR TR AIT‐DATA 
STANDARDIZ ATION
The	 need	 for	 standardizing	 trait	 data	 arises	 from	 the	 prospective	














out	 of	 a	 particular	 research	 interest,	 either	 by	 measurement	
or	 collated	 from	 the	 literature.
2.	 Initiatives	that	aim	to	harmonize	trait	data	from	the	literature	or	
from	 direct	 measurements	 into	 data	 compilations	 or	 database	
infrastructures	 and	 make	 those	 data	 widely	 available	 on	 the	
Internet.
3.	 Initiatives	 that	 aim	 at	 the	 standardization	 and	 development	 of	
consensus	measurement	methods	 and	definitions	 for	 traits	 and	
provide	standard	terminologies.
4.	 Initiatives	that	aim	to	combine	data	(1	&	2)	and	terminologies	(3)	
into	 formalized	 structures	 for	 knowledge	 representation	 to	 link	
trait	data	to	a	wider	set	of	biodiversity	data.


























Today,	 the	online	publication	of	 such	data	 is	greatly	 facilitated	
by	file	hosting	services	 (e.g.	Figshare,	Zenodo,	Researchgate,	Data	
Dryad),	 which	 warrant	 long‐term	 accessibility,	 and	 citeability	 via	
TA B L E  1  Glossary	of	terms	from	the	biodiversity	data‐management	context	as	they	are	used	in	this	paper;	draws	from	Garnier	et	al.	
(2017)
Term Definition






































An	unambiguous	pointer	to	a	unique	resource	on	the	Internet;	used	to	refer	to	single	terms	of	a	thesaurus or ontology; 
Example:	http://purl.oboli	brary.org/obo/TO_0000391
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DOIs,	 and	govern	data	 sharing	via	 license	 statements.	These	plat-
forms	 offer	 the	 hosting	 of	 publicly	 accessible	 file repositories	 at	
low‐cost	or	for	free,	which	makes	them	attractive	for	small	and	in-
termediate‐sized	 research	 projects	 that	 cannot	 dedicate	 extra	 re-
sources	 for	 data	management.	Most	 importantly,	 these	 platforms	
enable	public	hosting	of	data	with	very	 low	quality‐thresholds	 re-








mat.	 In	 this	 intuitive	data	table,	each	row	represents	a	species	 (or	
taxon)	 for	which	multiple	 traits	are	reported	 in	columns.	Similarly,	









mostly	 project‐specific	 and	 rarely	 chosen	 for	 compatibility	 with	
larger	database	initiatives.	Variability	in	the	number	and	meaning	of	
columns	in	these	data	tables	requires	tedious	manual	adjustments	
when	 merging	 multiple	 datasets	 (Wickham,	 2014).	 Furthermore,	
metadata	provided	along	with	 the	primary	data	vary	 in	 their	 level	
of	detail,	e.g.	 for	documenting	descriptions	of	variables,	measure-
ment	 procedures	 or	 sampling	 context	 (Kattge,	Ogle,	 et	 al.,	 2011).	
While,	 in	 some	datasets,	 information	 like	 geolocation	or	 sampling	
date	and	time	might	be	dataset‐level	information,	thus	qualifying	as	
metadata,	 in	 other	 datasets	 they	might	 be	 collected	on	 a	 level	 of	




of	 harmonizing	 trait	 data	 is	 taken	 up	 by	 data‐curating	 initiatives,	




aggregated	 and	 harmonized	 into	 greater	 collections	 with	 particu-
lar	taxonomic	or	regional	focus	(e.g.	Kleyer	et	al.,	2008;	Oliveira	et	
al.,	 2017,	 see	Appendix	 S1,	 Table	A1).	While	 these	 initiatives	 suc-
cessfully	 address	 issues	 of	 heterogeneity	 in	 units	 or	 categorical	







do	 not	 formally	 provide	 data	 in	 a	 database	 structure	 in	 the	 strict	
data‐management	 sense.	 Instead,	 the	 data	 are	 released	 as	 static	
data	tables	of	raw	measurements	or	aggregate	trait	values	on	jour-









Schmelzle,	 Blüthgen,	&	Heethoff,	 2018)	 and	 citizen	 science	 initia-
tives	 (e.g.	 www.markm	ybird.org).	 For	 example,	 the	 VertNet	 data-




Specialized	 online	 portals	 have	 been	 created	 to	 attract	 data	
submissions	 from	a	defined	 research	 field	and	 take	care	of	data	
harmonization,	thereby	greatly	facilitating	data	synthesis.	For	ex-










Global	Ants	Database	 (Parr	 et	 al.,	 2017,	 see	Appendix	 S1,	Table	
A1).	 The	 role	 of	 online	 portals	 and	 database	 initiatives	 in	 stan-
dardizing	 data	 and	 making	 them	more	 accessible	 is	 paramount.	
Trait‐data	 portals	 incentivize	 data	 submissions	 by	 offering	 in-





2.3 | Terminology standards for traits
A	major	challenge	in	trait‐data	standardization	is	the	lack	of	widely	




concepts	 in	 ontologies.	 The	 initiatives	 behind	 method	 handbooks,	
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thesauri	 and	ontologies	 are	 essential	 for	 building	 community	 con-
sensus	for	trait	definitions.







































&	Hoehndorf,	 2012).	 By	 providing	 ontologies	 in	 a	 formalized	 syn-
tax,	 like	Web	Ontology	Language	 (OWL),	a	machine‐readable	web	
of	definitions	 is	 spun	across	 the	 Internet	allowing	 researchers	and	
search	engines	to	relate	independent	trait	measurements	with	each	
other	 and	connect	 them	 to	 the	wider	 semantic web	 of	online	data	
(Berners‐Lee,	Hendler,	&	Lassila,	2001;	Gruber,	1995;	Page,	2008;	
Walls	et	al.,	2012).
Comprehensive	 trait	 thesauri	 have	 been	 developed	 in	 TOP	
(which	 is	employed	 in	 the	TRY	database,	Garnier	et	 al.,	2017)	 and	
in	 the	 Thesaurus	 for	 Soil	 Invertebrate	 Trait‐based	 Approaches	 (T‐
SITA,	 http://t‐sita.cesab.org/,	 Pey	 et	 al.,	 2014).	Ontologies	 of	 trait	
definitions	have	been	developed	for	plants	(e.g.	the	Plant	Ontology,	
Jaiswal	et	al.,	2005;	Walls	et	al.,	2012;	the	Flora	Phenotype	Ontology,	




for	 all	 animals,	 which	 combines	 concepts	 from	 different	 existing	
ontologies,	with	wide	application	in	biomedical	or	physiological	re-
search	(Mungall,	Torniai,	Gkoutos,	Lewis,	&	Haendel,	2012).
To	 conclude,	 there	 is	 already	 a	 suite	 of	 globally	 available	 the-
sauri	and	ontologies	for	traits.	However,	definitions	in	some	domains	
are	better	covered	than	others	(Kissling	et	al.,	2018),	and	different	










Ontobee	 (http://www.ontob	ee.org/),	 Bioportal	 (https	://biopo	rtal.
bioon	tology.org/,	Whetzel	 et	 al.,	 2011),	 or	 the	GFBio	Terminology	
Service	 (Karam	et	 al.,	 2016,	 https	://termi	nolog	ies.gfbio.org/),	 pro-

































core	data.	 In	most	 cases,	 information	on	place	and	 time	apply	 to	
the	 entire	 dataset,	 and	 thus	 would	 be	 included	 in	 the	 metadata	





not	 be	 provided	 as	metadata,	 but	 as	 covariate	 data	 in	 additional	
columns	of	 the	primary	dataset.	When	compiling	datasets,	 it	 is	 a	
key	task	of	data	curators	to	deal	with	dataset‐level	information	and	




for	 biological	 collection	 records	 (Access	 to	 Biological	 Collection	
Data,	 ABCD;	 Holetschek,	 Dröge,	 Güntsch,	 &	 Berendsohn,	 2012)	
or	the	Darwin Core Standard	for	biodiversity	data	(DwC;	Wieczorek	
et	 al.,	 2012).	 Both	 DwC	 and	 ABCD	 are	 ratified	 standards	 of	 the	
Biodiversity	 Information	 Standards	 (TDWG,	 http://www.tdwg.org)	





tion	 and	 methodological	 details	 (Robertson,	 Döring,	 Wieczorek,	





While	 the	above‐mentioned	 standards	provide	 terms	and	con-
cept	definitions,	and	the	logic	relationships	of	those,	they	do	not	pre-
scribe	explicit	structure	for	trait	data.	Based	on	the	terms	of	DwC,	





















and	 ecological	 interactions.	 TraitBank	 invites	 data	 submissions	 to	















(a) Measured quantitative data:
an individual x of taxon y
femur length of 14.1 mm
(b) Aggregate quantitative data: 
(c) Quantitative literature data:
average femur length of 12.2 ± 2.3 mm
adult individuals of taxon y
average body length of 43 mm
males of taxon y











omy.eu/).	 The	GBIF	Backbone	Taxonomy	 (GBIF	 Secretariat,	 2017)	
collects	and	bundles	existing	 terminologies	 into	a	 single	 reference	
framework.
2.5 | Closing gaps to improve trait‐data reuse
In	 sum,	 we	 attest	 to	 a	 gap	 between	 the	 trait‐data	 structures	 de-








































a	 list	 of	 databases	 (including	 LEDA,	BiolFlor	 and	Ellenberg	 values;	
Bocci,	2015)	and	aggregates	them	into	a	species	×	traits	wide‐table.	
FENNEC	 (Ankenbrand	et	al.,	2018)	 is	an	online	 tool	or	self‐hosted	
service	capable	of	extracting	trait	information	from	multiple	sources	
for	a	target	species	community.
A	more	widespread	 implementation	 of	 ontologies	would	 ad-




use	 case.	 Platforms	 like	OBO	 Foundry	 can	 help	 structuring	 this	
process.	 Second,	 the	 reference	 to	 ontologies	 and	 thesauri	must	
be	incentivized	and	facilitated	for	individual	data	providers	by	the	
development	of	tools	for	matching	concepts	from	the	available	on-
tologies	 to	 their	data.	Third,	 frameworks	 for	providing	 trait	data	
in	an	unambiguous	and	machine‐readable	structure	must	be	sim-
plified	 to	match	 the	 limited	 resources	 of	 small	 and	 intermediate	
research	 projects.	 This	 can	 be	 achieved	 by	 extending	 documen-




However,	 no	 unified	 and	widely	 adopted	 terminology	 for	 pri-
mary	 trait‐data	 publications	 has	 emerged	 across	 the	 multiple	
sub‐disciplines	 of	 trait‐based	 research.	 In	 the	 following	 chapter,	
we	propose	a	unified	vocabulary	for	trait	data	that	can	serve	as	a	
minimal	consensus	for	describing	and	labelling	trait	data.	The	sim-
plicity	of	 this	 standard	 terminology	will	 lower	 the	 thresholds	 and	
offer	high	pay‐off	 in	the	visibility	and	reuse	of	published	data.	By	
establishing	 this	 as	 a	 ‘best‐practice’	 in	 trait‐based	 research,	 trait	
data	will	eventually	 fulfil	 the	FAIR	guiding	principles	 for	scientific	
data	(Wilkinson	et	al.,	2016).
3  | INTRODUCING THE ECOLOGIC AL 
TR AIT‐DATA STANDARD VOC ABUL ARY
As	a	response	to	the	challenges	outlined	above,	we	propose	a	ver-
satile	 standard	vocabulary	 for	 trait‐based	ecological	 research.	The	
Ecological	Trait‐data	Standard	Vocabulary	(ETS)	is	accessible	at	https	
://termi	nolog	ies.gfbio.org/terms/	ets/pages/	and	combines	terms	of	
DwC	with	newly	defined	 terms	 to	cover	 the	variety	of	 trait‐based	
approaches	and	their	different	needs	to	report	measurement	detail.	
Rather	 than	 prescribing	 a	 data	 structure	 or	 exchange	 format,	 the	
vocabulary	is	intended	as	a	more	inclusive	terminology	that	can	be	
used	in	three	major	use	cases:
1.	 by	 data	 providers:	 for	 publication	of	 standardized	primary	 data	
on	 open‐access	 data	 repositories,	 or	 for	 labelling	 project‐spe-
cific	 data	 for	 local	 use	 and	 exchange	 with	 collaborators,	 e.g.	


















Service	 (Karam	et	 al.,	 2016,	 https	://termi	nolog	ies.gfbio.org/),	 pro-
viding	 permanent	 and	 redirectable	 individual	 URIs	 and	 URLs	 for	













then	be	 clearly	 specified	 in	 the	metadata‐information	 accompa-
nying	the	dataset).






+(c) Original names and unambiguous URIs(added as columns to core table)
(b) Core observation table 
(one row per measurement)
+
(d) Extensions





(a) Species x traits matrix 
(several trait measures per species)




scientificName traitName traitValue traitUnit
Agonum ericeti Body_length 5.87 mm
Agonum ericeti Antenna_length 4.2 mm
Agonum gracile Body_length 4.80 mm
… … … …
verbatimScientificName verbatimTraitName verbatimTraitValue verbatimTraitUnit traitID taxonID measurementID occurrenceID















… … … … .. … …
measurementID basisOfRecord measurementMethod measurementResolution references …
1 PreservedSpecimen Digital caliper 0.1 mm NA
2 LiteratureData NA genus https://doi.org/
10.1038/sdata.2015.13
… … … …
occurrenceID sex lifeStage samplingProtocol eventDate country habitat …
001 f adult Pitfall trap 2008-06-12 DE forest
002 m adult Pitfall trap 2008-06-12 DE forest
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3.1 | Building community consensus
In	 designing	 this	 vocabulary,	we	 drew	 on	 the	 combined	 expertise	
of	 empirical	 biodiversity	 researchers	 (data	 providers),	 biodiver-
sity	 synthesis	 researchers	 (data	 users),	 and	 biodiversity	 informat-
ics	 researchers	 (data	managers).	The	aim	was	 to	develop	a	 simple,	
easy‐to‐use	template	for	standalone	trait‐data	publications	or	data	













Trait‐data	 Standard	 Vocabulary,	 as	 a	 key	 resource	 for	 trait‐data	
standardization	 in	 ecological	 research.	 For	 future	 development	 of	






our	 initiative	 to	 other	 trait‐based	 research	 fields,	 like	 biomedical	






3.2 | Specification of core terms
To	qualify	as	trait	data	complying	with	the	ETS,	the	following	con-
tent	is	required	at	minimum	(Figure	2b):





ment	 or	 fact	was	 obtained	 that	 links	 the	 observation	 to	 an	 ac-
cepted	taxon	concept.
The	 traitName and scientificName	would	use	unambiguous	 terms	
assigning	 both	 to	 clearly	 defined	 concepts.	 Eventually,	 disam-
biguation	 can	 be	 warranted	 by	 adding	 globally	 valid	 Uniform	
Resource	Identifiers	(URIs)	for	taxon	(taxonID)	and	trait	definitions	
(traitID).	 For	 example,	 referring	 to	 GBIF	 Backbone	 Terminology,	
for Bellis perennis,	 the	 taxonID	 would	 be	 ‘https	://www.gbif.org/
speci	es/3117424’;	 the	 traitID	 for	 ‘fruit	 mass’	 according	 to	 Flora	
Phenotype	 Ontology	 would	 be	 ‘http://purl.oboli	brary.org/obo/






mat	of	measured	values	or	reported	facts	 (e.g.	units	or	 legit	 fac-
tor	 levels).	 Ideally,	 this	definition	 refers	 to	or	 refines	 terms	 from	
published	trait	ontologies.	By	providing	a	minimal	vocabulary	for	
trait	 lists	within	 the	ETS,	we	hope	 to	 facilitate	 the	unambiguous	
definition	of	 traits	 for	 trait	 datasets.	 This	 vocabulary	might	 also	
prove	useful	for	the	future	publication	of	trait	ontologies.
To	ensure	compatibility	with	project‐specific	databases	or	ana-
lytical	 code,	 it	might	be	 in	 the	 interest	of	 the	data	author	 to	keep	
user‐specific	identifiers	for	those	terms,	for	which	we	are	suggesting	
the	use	of	verbatimScientificName and verbatimTraitName	(Figure	2c).	
By	 allowing	 user‐side	 entries	 along	with	 consensus	 terms,	 we	 ac-
knowledge	the	fact	that	most	authors	have	their	own	schemes	for	









should	 conform	 to	expected	 levels	 as	defined	 in	 the	 trait	 concept	




3.3 | Extensions for additional data layers
Beyond	measurement	units	or	higher	taxon	information,	further	in-
formation	might	complement	the	core	data	which	are	related	to	the	




1.	 The	 Taxon	 extension	 provides	 further	 terms	 for	 specifying	 the	
taxonomic	 resolution	 of	 the	 observation	 and	 to	 ensure	 the	
correct	 reference	 in	 case	 of	 synonyms	 and	 homonyms.
2.	 The	MeasurementOrFact	extension	provides	terms	to	describe	in-
formation	at	the	level	of	single	measurements	or	reported	facts,	
such	 as	 the	original	 literature	 reference	 for	 the	 reported	value,	
the	method	of	measurement	or	statistical	method	of	aggregation.	
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It	provides	important	information	that	allows	for	the	tracking	of	
potential	sources	of	noise	or	bias	in	measured	data	(e.g.	variation	
in	 measurement	 method)	 or	 aggregated	 values	 (e.g.	 statistical	








These	 additional	 layers	of	 information	 can	either	be	 added	as	 extra	
columns	 to	 the	 core	 dataset	 or	 kept	 in	 separate	 data	 sheets,	 thus	
avoiding	 redundancy	and	duplication	of	 content.	A	unique	 identifier	
links	 to	 these	 other	 datasheets,	 encoding	 single	 measurements	 or	
reported	 facts	 (measurementID)	 or	 individual	 organisms	of	 a	 species	
(occurrenceID).




is	 only	 performed	 once,	 this	 results	 in	 any	 occurrence	 being	 se-
mantically	 identical	 with	 the	 individual	 organism	 (i.e.	 the	 DwC	
term	‘organism’).	Some	data	types	directly	refer	to	existing	global	


















































M.,	 Le	 Provost,	 G.,	 Penone,	 C.,	 Ostrowski,	 A.	 and	 Simons,	 N.K.,	
2019,	 Ecological	 Traitdata	 Standard	 Vocabulary	 v0.10,	 https	://doi.
org/10.5281/zenodo.2605377,	 URL:	 https	://termi	nolog	ies.gfbio.
org/terms/	ets/pages/	’	 in	 the	metadata	 field	conformsTo.	Wherever	
referring	 to	 individual	 terms	 of	 the	 vocabulary	 in	 publications	 or	
metadata,	this	should	be	done	via	their	individual	URIs.
4  | DISCUSSION
To	 serve	 the	 demand	 for	 the	 standardization	 and	 harmonization	
of	 ecological	 trait	 data	 which	 has	 arisen	 from	 a	 growing	 number	
of	distributed	datasets	of	different	 research	contexts,	we	propose	














sectoral	 topic	 of	 ecological	 and	 evolutionary	 research.	 To	 enable	
the	ETS	to	capture	the	different	approaches	in	trait‐based	research	






Data	 released	 according	 to	 consensus	 standards,	 especially	 if	
published	 under	 open‐access	 licenses,	 are	 more	 easily	 reused	 in	
compilations	and	synthesis	studies.	By	providing	the	ETS,	an	easy‐
to‐use	vocabulary	for	 trait‐based	research,	 the	 investment	of	 time	
and	resources	in	trait‐data	standardization	before	publication	will	be	
mitigated	for	 individual	 researchers	and	small	 research	projects.	A	
well‐defined	minimal	vocabulary	for	metadata	will	also	ensure	that	




sional	 evaluation	of	 individual	 researchers	 (Costello,	 2009;	Roche,	
Kruuk,	Lanfear,	&	Binning,	2015).
At	 the	 community	 level,	 shifting	 the	 task	 of	 standardization	
from	the	data‐user	side	to	the	data‐owner	side	yields	great	gain	in	
accuracy	and	 reduces	 the	 risk	of	misinterpretation.	For	 instance,	
measurement	 results	 depend	very	much	on	 the	precise	method-
ology	 used	 and	 often	 systematic	 biases	 could	 be	 corrected	 for	
when	 providing	 an	 unambiguous	 definition.	 On	 the	 other	 hand,	
plausibility	 checks	 and	 evaluation	 of	 statistical	methods,	 e.g.	 for	












et	 al.,	 2016).	The	ETS	 represents	 an	 important	building	block	 for	
a	unified	mode	to	ease	data	exchange	between	web	services	and	
software	packages	and	thus	facilitates	the	development	of	a	soft-
ware	 toolchain	 for	 the	 trait‐data	 lifecycle.	 Having	 well‐defined	
terms	is	also	a	key	precondition	for	developing	exchange	formats	
between	 large	database	 initiatives	and	biodiversity	data	archives.	
Even	 further	 downstream,	 readying	 the	 primary	 data	 for	 the	 se-












future	 standardization	of	 trait	data	may	be	consensus	building	 for	
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